The transforming growth factor- (TGF-
. Except for its contribution in TGF- signaling, TMEPAI is known to be implicated in the degradation of androgen receptor (AR) by the recruiting of the E3 ubiquitin ligase to AR (9) as well as by cell growth inhibition and p53-induced apoptosis in a context-dependent fashion (10, 11) . In addition to TGF- stimulation, TMEPAI has been reported to be induced by treatment with androgen, introduction of mutant p53, or activation of the Erk pathway (11) (12) (13) . Recently, TMEPAI was reported to be highly expressed in the intestinal polyps of Apc Min/+ mice (8, 14) . Thus, these reports supported the theory that the TMEPAI gene might be one of the canonical Wnt target genes. Furthermore, TMEPAI expression was increased in breast cancer, colon cancer, and renal cell carcinoma in humans (13, 15, 16) . HA-TCF7L2(1-30) and -catenin were described previously (22) (23) (24) (25) (26) . Myc-TCF7L2 was kindly gifted by Dr. Watanabe (27) . For -1972TMEPAI-luc and -607TMEPAI-luc, the fragments from -1972 to +67
and from -607 to +67 (the sequence information of NC_000068 in NCBI Reference Sequence is referred)
were respectively amplified using TMEPAI gene in BAC mouse genomic library as a template and cloned into pGL3-basic (Promega). pGL3ti-850 was constructed by the ligation of the fragment from +447
to +1294 of mouse TMEPAI gene with pGL3ti (28) .
For -607TMEPAI-luc-850 and -607TMEPAI-luc-850r, the fragment from +447 to +1294 of mouse TMEPAI gene was put behind the 3' end of the luciferase gene in -607TMEPAI-luc at both orientations. 
RESULTS

Identification of the TGF- responsive region
within the first intron of the TMEPAI gene We have previously reported that TMEPAI is one of the early-response genes to TGF- signaling (8, 25 Figure 1A , TMEPAI mRNA was transiently induced by TGF-. Likewise, SC3 cells, which are capable of responding to androgen, also showed induction of TMEPAI mRNA upon TGF- stimulation (Fig. 1B) .
Because the sequences of the TMEPAI promoter from the transcriptional initiation site (+1) to -850 are highly homologous in human and mouse, we cloned the fragment from +67 to -1972 using the mouse BAC clone including the TMEPAI gene and inserted it into the pGL3-basic vector (-1972TMEPAI-luc) (Fig. 1C) .
In parallel, we made one deletion mutant, termed -607TMEPAI-luc. When we investigated whether these regions in the mouse TMEPAI promoter included TGF--responsive element(s), the activity of neither -1972TMEPAI-luc nor -607TMEPAI-luc was induced by TGF- (Fig. 1D) , resulting in the region from +67 to -1972 of the TMEPAI gene failing to respond to TGF-.
When the first intron was compared between human and mouse, the beginning 850 nucleotide sequences were highly conserved (Suppl. Fig. 1 ). Thus, we made a luciferase reporter construct including the region spanning from +447 to +1294 in the TMEPAI gene (pGL3ti-850) (Fig. 1E ). The activity of pGL3ti-850 was drastically potentiated by TGF-, but not by its related ligand BMP (Fig. 1F ). In eukaryotes, the enhancer sequences that control mRNA transcription are known to function in both orientations.
In addition, the enhancers often mediate their own properties even over a distance (31, 32) . In view of these observations, we addressed the question of whether this TGF--responsive region of the TMEPAI gene functions over a distance in a manner independent of orientation. Figure 1G shows that both orientations of the TGF--responsive region in the TMEPAI gene could retain the functional capacity as an enhancer even though this region was connected to the 3' end of the luciferase gene.
The TGF- signal can be transduced to the nucleus via the intracellular signaling molecules Smad2, Smad3, and Smad4. Of these molecules, both Smad3
and Smad4 are known to bind to specific DNA elements on the promoter of their target genes (22, 28) .
To investigate whether the TGF--induced reporter activity of pGL3ti-850 depends on Smad3 and Smad4, pGL3ti-850 was transfected into either Smad3KO
MEFs ( 
Crosstalk between the TGF- and Wnt pathways to activate the transcription of the TMEPAI gene
We and others found that the expression of TMEPAI in the intestinal polyps of Apc Min/+ mice is higher than that in the intestinal mucosa of wild-type mice ( Fig. 2A ) (8, 14) . Interestingly, the expression of TMEPAI in the region where -catenin was expressed at a relatively low level (red broken lines) was weaker than that in the region in which -catenin was highly expressed (blue broken lines) (Suppl. 
The highest enhancer activity of the C region
To identify a TGF- responsive element(s)
within the region spanning from +447 to +1294 in the first intron of the TMEPAI gene, we divided the above 850nt-enhancer region into 3 parts and conjugated each of them to the luciferase gene (pGL3ti-A, pGL3ti-B and pGL3ti-C) (Fig. 3A) . Subsequently, each reporter was evaluated upon TGF- stimulation (Fig. 3B) , expression of TCF7L2 (Fig. 3C ), or expression of -catenin (Fig. 3D ). Of the 3 parts, the C region (Fig. 4C) .
Next, we were prompted to find which SBEs could act in concert with TTE upon TGF- stimulation.
Because there are 5 SBEs in the C region, we tried to introduce a mutant to each SBE in the pGL3ti-C reporter (Fig. 5A) . Of the 5 mutants, the activities of pGL3ti-1m, pGL3ti-2m, and pGL3ti-3m upon TGF- stimulation were drastically decreased. Furthermore, TCF7L2 could not enhance the TGF--induced activity of these 3 mutants as much as pGL3ti-C could (Fig.   5B ). When pGL3ti-123m, in which 3 SBEs are simultaneously mutated, was transfected into HepG2 cells, its inducibility by TGF- was lost, although the TCF7L2-mediated activity of pGL3ti-123m could remain much weaker than that of pGL3ti-C (Fig. 5C ).
These evidences encouraged us to confirm that an artificial luciferase reporter consisting of 3 copies of the SBE and 1 copy of TTE (pGL3ti-(SBE) 3 (TTE)) could mimic pGL3ti-C when the cells were stimulated with TGF- and/or transfected with TCF7L2. As expected, pGL3ti-(SBE) 3 (TTE) showed a similar response to that of pGL3ti-C, whereas pGL3ti-(mSBE) 3 (TTE) did not provide any reporter activities upon any combination examined (Fig. 5D ).
These evidences clearly suggested that TTE can cooperate with SBEs for enhancement of TGF--induced transcription by TCF7L2.
Binding of TCF7L2 to TTE in the TMEPAI
gene TCF7L2 or its related molecule, LEF1, is known to interact with Smad proteins (17, 27) . We also confirmed that Smad3 can interact with TCF7L2 via its MH2 domain (Fig. 6A, B) . We next investigated whether TCF7L2 can bind to TTE when the TGF- signaling pathway is activated. For this purpose, we performed a DNAP assay using (SBE) 3 (TTE) as a probe because the TGF--induced activity of pGL3ti-(SBE) 3 (TTE) was drastically enhanced by TCF7L2 (Fig. 5D ). TCF7L2 could weakly bind to this probe in the absence of TGF- signaling, whereas the activation of TGF- signaling extensively enhanced the affinity of TCF7L2 to the probe in the presence of Smad3. On the other hand, the addition of Smad4 did not affect this interaction (Fig. 6C) . When a probe including 3 copies of the mutant SBE and 1 TTE (to which neither Smad3 nor Smad4 could bind) was used for the DNAP assay, no TGF--dependent binding of TCF7L2 was observed (Fig. 6C) (Fig. 4C ). This result indicates that TCF7L2 might indirectly be able to bind to SBE via Smad proteins like a co-activator to regulate a TGF--target gene(s), whereas Smad complex did not seem to possess the ability to bind to TTE via TCF7L2 (Fig. 6C) . Taken together, we speculated that synergistic activation of the TMEPAI gene is mediated by a physical association between Smads and TCF7L2.
Indeed, we could observe the interaction of Smad3 with TCF7L2 in the coimmunoprecipitation assays in spite of ligand-independent (or ALK5ca-independent) association ( Fig. 6B and Suppl. antibodies express TMEPAI at the higher extent than those stained with anti-phosphorylated Smad2 alone (Suppl. Fig. 3 ).
In conclusion, the TMEPAI gene has been shown to require both a SBE and TTE for synergistic activation in cells. Similar to the gastrin and Msx2
promoters, the introduction of a mutation in TTE showed a more inhibitory effect on the TMEPAI expression than did disruption of SBEs, supporting the notion that TCF7L2 plays a key role in TGF--mediated activation of the TMEPAI gene. 
